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Microalgae biomass is a sustainable source with the potential to produce a range of products. However,
there is currently a lack of practical and functional processes to enable the high-efficiency utilization of
the microalgae. We report here a hydrothermal process to maximize the utilizability of microalgae bio-
mass. Specifically, our concept involves the simultaneous conversion of microalgae to (i) hydrophilic and
stable carbon quantum dots and (ii) porous carbon. The synthesis is easily scalable and eco-friendly. The
microalgae-derived carbon quantum dots possess a strong two-photon fluorescence property, have a low
cytotoxicity and an efficient cellular uptake, and show potential for high contrast bioimaging. The
microalgae-based porous carbons show excellent CO2 capture capacities of 6.9 and 4.2 mmol g�1 at 0
and 25 �C respectively, primarily due to the high micropore volume (0.59 cm3 g�1) and large specific sur-
face area (1396 m2 g�1).

� 2017 Elsevier Inc. All rights reserved.
1. Introduction

Biomass is a promising precursor candidate for energy and
chemical production due to its worldwide availability, renewable
nature and low-cost [1]. Microalgae biomass, typically found in
freshwater and marine systems, is not lignocellulosic in composi-
tion but instead comprised of lipids, proteins, nucleic acids and
non-cellulosic carbohydrates, and thus is easy to convert into other
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feedstock [2–4]. Microalgae biomass also possesses prominent fea-
tures such as superior photosynthetic efficiencies, dramatically
high carbon capturing capabilities and a considerably lower impact
on current land-use for food production [5–11]. Due to the above
advantages, microalgae biomass has been used to produce various
biofuels, natural dyes, cosmetics, nutritious supplements and ani-
mal feed, which represent sustainable value-added benefits in
the microalgal CO2 fixation process [12–14].

Carbon materials with high specific surface area and physico-
chemical properties are used in a wide range of applications as
adsorbents, catalyst supports, electrodes for energy storage, etc.
[15–17]. To date, various carbon materials have been prepared
from renewable biomass such as bagasse, cotton, rice, silk proteins,
lignosulphonate-cellulose, typha orientalis and wood [18,19]. To
this end, microalgae biomass with its abundant nitrogen function-
ality is an attractive natural resource for the production of N-doped
carbon materials. Heilmann and co-workers [20] have obtained the
char product by hydrothermal carbonization of microalgae. Sevilla
et al. [21] have prepared highly porous N-doped carbon materials
by hydrothermal co-carbonization of microalgae and glucose.
Zhang et al. [8] reported that microalgae biomass can be converted
via hydrothermal liquefaction (HTL) into four products: bio-crude
oil, aqueous product, gaseous product, and solid residue (fertilizer).

Although renewable and readily available, microalgae biomass
still requires rational and highly efficient utilization. In this paper,
microalgae were converted in an energy efficient manner into flu-
orescent carbon quantum dots and porous carbon by a one-step
hydrothermal method. Potential uses for the products include cel-
lular imaging and CO2 capture respectively. Our work provides a
rationally-designed strategy for the development of carbon-based
materials for various applications.
2. Experimental

2.1. Chemicals

Microalgae powder was obtained from Dalian Institute of
Chemical Physics. Formaldehyde aqueous solution (denoted as F,
37–40%) and quinine were purchased from Sinopharm Chemical
Reagent Co., Ltd. Potassium carbonate was obtained from Tianjin
Kaixin Chemical Reagent Co., Ltd.. Unless otherwise specified, all
chemicals were used as received without any further purification.
Deionized water was used for all experiments.
2.2. Synthesis of carbon quantum dots and porous carbon

A typical experimental procedure is described as follows: 5.0 g
of microalgae powder was slowly added into 50 mL deionized
water with magnetic stirring and left for 2 h at 25 �C to swell.
Afterwards, 20 mL formaldehyde aqueous solution was quickly
injected into the above mixture and stirred for ca. 10 min at
25 �C until the dispersion blended evenly. Subsequently, the mix-
ture was sealed and transferred to a Teflon reactor without stirring
and kept at 180 �C for 10 h. The reactor was then automatically
cooled to room temperature. The obtained suspension was cen-
trifuged and the upper solution and bottom precipitate collected
separately. A carbon quantum dot solution was obtained by purifi-
cation and concentration of the upper solution. This obtained sam-
ple was designated as MCQDs. The bottom precipitate was washed
with deionized water several times until the pH was close to 7 and
then dried at 50 �C for at least 48 h until no further weight loss was
noted.

The powder deposit was treated in the presence of an activating
agent (K2CO3) in order to create some porosity. Typically, activa-
tion was performed by mixing 2 g of K2CO3 with 2 g of the powder
deposit in agate ball milling tanks loaded on a planetary ball miller.
Ball milling was executed for 2 h. Subsequently, thermal treatment
was conducted in an alumina tube furnace at 700 �C for 2 h under a
nitrogen flow (heating rate 5 �C min�1). The obtained material was
washed with an aqueous HCl solution and deionized water until
pH � 7. Finally, the material was dried. The resulting carbon mate-
rial was denoted as MPC-act-700. A second sample denoted as
MPC-act-800 was activated at 800 �C for 4 h under a nitrogen flow.
In order to determine the effect of K2CO3 activation, the as-
prepared powder deposit was directly heated at 700 �C at a rate
of 5 �C min�1 for 2 h and the obtained sample was denoted as MPC.

2.3. Characterization

Transmission electron microscopy (TEM) images of the samples
were obtained with a Tecnai G2 20S-Twin electron microscope
equipped with a cold field emission gun under an acceleration volt-
age of 200 kV. Samples were prepared by pipetting a few drops of
as-prepared products dispersed in ethanol onto the holey carbon
grid. Scanning electron microscopy (SEM) investigations were car-
ried out with a FEI Nova NanoSEM 450 instrument. Fluorescence
spectroscopy was performed with a Hitachi F-7000 spectropho-
tometer at different excitation wavelengths ranging from 350 to
625 nm. UV–vis absorption spectra were obtained using a TECH-
COMP UV–vis 2300 spectrophotometer. Fourier transform infrared
spectroscopy (FTIR) spectra were measured with a Thermo Nicolet
6700 spectrometer ranging from 4000 to 650 cm�1. Fluorescence
imaging studies of cells were collected on an Olympus FV1000
inverted fluorescence microscope, wherein the cells were excited
with 800 nm two-photon laser pulses. Thermogravimetric and dif-
ferential scanning calorimetry analyses (TG-DSC) were conducted
on a thermogravimetric analyzer STA 449 F3 (NETZSCH) under a
nitrogen flow of 10 �C min�1. Nitrogen sorption isotherms were
recorded on a TriStar 3000 adsorption analyzer (Micromeritics)
at �196 �C. The Brunauer–Emmett–Teller (BET) equation was uti-
lized to calculate the specific surface areas (SBET) in the relative
pressure range of 0.05–0.25. The total pore volumes (Vtotal) were
estimated from the amount of nitrogen uptake at a relative pres-
sure (P/P0) of 0.997. Micropore volumes (Vmicro) were determined
using the t-plot method. Pore size distributions (PSD) were calcu-
lated from adsorption branches using density functional theory
(DFT) and the Barrett–Joyner–Halenda (BJH) model.

2.4. Quantum yield measurements, the vitro cytotoxicity experiment
and cellular imaging

Quinine sulfate was chosen as the standard reference sample
with a quantum yield (QY) of 0.54 at 360 nm [22]. The QY of
MCQDs was calculated using the following equation using the
above standard reference sample with fixed and known fluores-
cence quantum yield:

Q ¼ QR �
I
IR
� AR

A
� g2

g2
R

The quinine sulfate was dissolved in 0.1 M H2SO4 solution
(refractive index (g) is 1.33) and MCQDs was dissolved in deion-
ized water (g = 1.33). In this equation, Q is the quantum yield, I
is the integrated emission intensity, A is the optical density and
g is the refractive index. The subscript R refers to the reference flu-
orophore of known quantum yield. In order to minimize re-
absorption effects, absorbance in the 1 cm quartz cuvette was kept
below 0.10 at an excitation wavelength of 360 nm.

Evaluation of in vitro toxicity of the MCQDs was conducted
using human breast cancer MCF-7 cells as representative cell lines.
The cytotoxicity in vitro was assessed by the 3-[4, 5-
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dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT)
assay in MCF-7 cells. Cells were seeded in a 96-well plate at a con-
centration of 1.0 � 104/well in a Dulbecco’s modified Eagle med-
ium (DMEM) supplemented with 10% (v/v) fetal bovine serum
(FBS), streptomycin (100 lg mL�1) and penicillin (100 U mL�1).
After incubation for 24 h at 37 �C in an incubator with a humidified
atmosphere of 5% CO2, various doses of MCQDs (0, 50, 100, 200,
400, 600 and 800 lg mL�1) were added to the cells, followed by a
further 24 h of incubation. The medium was removed and cells
were washed once by phosphate-buffered saline (PBS). 100 lL of
medium containing 0.5 mg mL�1 MTT was added to each well
and incubated at 37 �C for 4 h. The supernatants were discarded
carefully and the formazan crystals in each well were dissolved
in 100 lL dimethyl sulfoxide. The A570 (the absorbance at
570 nm) and A630 (the absorbance at 630 nm) were read on a
scanning multiwall spectrophotometer. The cell viability was
assessed from the ratio of the optical density (OD) values from
each group to the control group.

MCF-7 cells were cultured in DMEM medium supplemented
with 10% fetal bovine serum at 37 �C in an atmosphere containing
5% CO2. For live cell imaging, MCQDs was added to cells grown in a
confocal microscope dish for 3 h and washed with PBS three times.
After replacement of the medium, cells were imaged using an
Olympus (FV1000) confocal laser scanning microscope with a
200 � objective lens.
2.5. CO2 sorption measurements

Carbon dioxide adsorption isotherms were measured using a
Micromeritics ASAP 2020 static volumetric analyzer. Prior to anal-
ysis, the samples were degassed at 200 �C for 4 h, ensuring that the
residual pressure fell below �0.05 mbar and then cooled down to
the target temperatures, before a single component gas, CO2

(99.995%), was introduced into the system. The gas adsorption
capacities in terms of adsorbed volume under standard tempera-
ture and pressure (STP) were then recorded. The isosteric heats
of adsorption Qst were calculated by using the Clausius-
Clapeyron equation: Qst = RT2 (@lnP/@T)a where R is the universal
gas constant, T is the absolute temperature, P is the equilibrium
pressure and a is the amount adsorbed.
3. Results and discussion

3.1. Preparation, characterization and cellular imaging of carbon
quantum dots

In this work, we report a hydrothermal method to simultane-
ously obtain carbon quantum dots and porous carbon from
microalgae. The size of microalgae used in this experiment ranged
from a fewmicrometers to tens of micrometers, all with a spherical
structure (See Fig. 1a and b). Prior to hydrothermal treatment at
180 �C, the feedstock was firstly hydrolyzed into many intermedi-
ate products which were then transformed into microsphere cores
through dehydration and polymerization. The microsphere cores
then formed dispersed colloidal particles by the adsorption of sur-
rounding molecules and eventually evolved into carbon micro-
spheres or hydro-char. Phase separation of the microalgae thus
occurred and the upper solution and bottom precipitate were sep-
arated by centrifugation. Interestingly, the upper solution exhib-
ited photoluminescence phenomenon when it was placed in a
light-tight ultraviolet analyzer and a clear Tyndall light scattering
effect was observed by a side-incident light beam, indicating the
generation of carbon quantum dots (denoted as MCQDs).

Carbon quantum dots are typically zero-dimensional carbon
nanomaterials, 2–10 nm in diameter [23–27]. To gain an insight
into the micromorphology of the obtained carbon quantum dots,
we conducted TEM analysis. The TEM image of MCQDs and the cor-
responding particle size distribution histograms are shown in
Fig. 1c and d. They reveal that as-prepared MCQDs consist of spher-
ical nanoparticles with a narrow distribution of diameters in the
range of 1–8 nm (from a detailed analysis of ca. 60 particles). These
uniform organic aggregates are obtained through the primary
dehydration, crosslinking and polymerization of the microalgae.
The carbon quantum dots produced were readily soluble in water
giving a stable, yellowish-brown, and transparent aqueous solution
with no precipitation even several months after centrifugation and
filtration.

UV–vis absorption, FTIR and fluorescence spectroscopies were
further conducted to investigate the photophysical and chemical
properties of the obtained carbon quantum dots. The detailed
results on the optical features of MCQDs are shown in Fig. 2. It
can clearly be seen that the UV–vis spectrum (Fig. 2a) shows a peak
at ca. 264 nm that is attributed to p–p⁄ transitions in an aromatic
system (transition of nanocarbons). Carbon quantum dots are
effective in photon-harvesting in the short-wavelength region
because of p�p⁄ transitions in C@C bonds [28]. MCQDs show
strong optical absorption in the UV region (260–320 nm), with a
tail extending into the visible range. For the FTIR spectrum of pure
microalgae powder in Fig. 2b, a broad band at ca. 3310 cm�1 is
attributed to the OAH stretching vibration of hydroxyl groups
and NAH stretching vibration of amine groups. The absorption at
2930 and 2860 cm�1 implies CH2 asymmetric and symmetric
stretching in a lipid. The band at 1660 cm�1 represents the stretch-
ing vibrations of C@O from carboxylic acid and its derivatives. The
band at ca. 1540 cm�1 is specific for NAH bending vibrations,
which are characteristic bands for proteins. The peaks at 1243
and 1075 cm�1 arise from the different stretching modes of car-
boxylic, ester, ether, and alcohol moieties (CAOAC and CAOH).
For the MCQDs, the decrease in the intensity of absorption in the
range of 3680–2800 cm�1 is indicative of a decrease in the lipid
content. The hypochromatic shift of absorption bands in the
1780–1540 cm�1 region (a specific region for proteins and carbo-
hydrates) indicates degradation of the microalgae through dehy-
dration. The C@C, C@O, CAO and OAH vibration modes are
common features of carbon quantum dots, denoting the presence
of carboxylic acid and other oxygen-containing functional groups
[29,30]. The presence of numerous carbonyl units, combined with
the rich hydroxyl groups on the surface, endows the MCQDs with
high water solubility.

The photoluminescence (PL) spectrum of MCQDs (Fig. 2c)
shows an optimal emission peak at 435 nm when the excitation
wavelength is 360 nm. The full width at half maximum is ca.
85 nm, which is similar to that of most reported carbon quantum
dots [22]. The fluorescence of MCQDs may be attributed to the
quantum confinement of the passivated surface energy traps. The
inset in Fig. 2c shows the optical images of the MCQDs under the
illumination of sunlight (Left) and UV light (Right, 365 nm). The
bright PL of the MCQDs is strong enough to be easily seen with
the naked eye. Under UV light (365 nm), bright yellowish-green
luminescence was observed even at a low concentration of the
MCQDs solution. Using quinine sulfate as a reference, a photolumi-
nescence quantum yield of 4.3% was measured (Table 1). Carbon
quantum dots generally show peculiar photoluminescence proper-
ties, such as multicolor emissions that vary with the excitation
wavelength [31]. As shown in Fig. 2d, MCQDs exhibits excitation-
dependent PL emissions. With increasing excitation wavelength
from 350 to 625 nm, the emission from carbon quantum dots grad-
ually shifts to higher wavelengths accompanied by decreasing flu-
orescence intensity. This is predominantly attributed to the
different particle size and a considerable distribution of emissive
trap sites on each carbon quantum dot. The formation of carbon



Fig. 1. (a) and (b) SEM images of pristine microalgae; (c) TEM image of MCQDs and (d) The corresponding particle size distribution histograms.
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quantum dots and their surface functionalization takes place
simultaneously during the hydrothermal treatment process. The
abundant functional groups on the carbon quantum dots, such as
carboxyl and amine, can introduce different defects on the surface,
acting as excitation energy traps which lead to the different photo-
luminescence properties [32,33]. The obtained MCQDs show the
maximum PL emission peak centered at 565 nm in 500 nm excita-
tion wavelength.

In terms of biocompatibility, the carbon quantum dots are supe-
rior to the current organic and inorganic fluorophores for bioimag-
ing [34]. We therefore carried out an in vitro two-photon
bioimaging study of MCQDs using MCF-7 cells with a fluorescence
microscope. MCF-7 cells were incubated in DMEM containing
MCQDs at 37 �C for 3 h and washed with PBS to remove the
remaining extracellular MCQDs. The MCF-7 cells under living con-
ditions became brightly illuminated. A remarkable intracellular
fluorescence was observed when imaged under the microscope
with excitation at 800 nm. The obtained images clearly show a
bright field image of MCF-7 cells (Fig. 3a), a high contrast fluores-
cence image of MCQDs distributed around cytoplasm (Fig. 3b), and
a merged image of cells with the bright field and the green fluores-
cence images (Fig. 3c). Fig. 3 also shows that the fluorescence sig-
nals are from the perinuclear regions of the cytosol, indicating that
the carbon quantum dots can label both the cell membrane and the
nucleus of MCF-7 cells. Thus a good cell-permeability for the
movement of MCQDs into living cells is achieved. Despite its mod-
est QY value for visible excitation, the MCQDs proved fully capable
of fluorescent staining, demonstrating its potential application in
cell imaging.

Cytotoxicity screening versus the MCF-7 cells was also carried
out using a 3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyltetrazolium bromide (MTT) assay (Fig. 3d). There was
almost full retention of cell viability when incubated with
400 lg mL�1 or less of MCQDs. The cytotoxicity of MCQDs was
found to be negligible at concentrations as high as 400 lg mL�1.
Furthermore, almost 95% of the cells were viable at a concentration
of 600 lg mL�1. Even at the highest MCQDs concentration studied
of 800 lg mL�1 (it should be noted that previous studies of carbon
quantum dot cytotoxicity have rarely included concentrations
beyond 0.1–0.5 mg mL�1), MCF-7 cell cultures retained 86% of their
viability. On the whole, the obtained fluorescent carbon quantum
dots show efficient cellular uptake, low toxicity and strong two-
photon fluorescence properties, and thus are biocompatible for
in vivo imaging and biosensors.
3.2. Preparation and characterization of porous carbon and CO2

adsorption

After hydrothermal treatment of microalgae, the separated bot-
tom precipitate was used to prepare carbon materials through
K2CO3 activation. Firstly, the thermal decomposition behavior of
the bottom precipitate was analyzed by TG-DSC and the corre-
sponding results are presented in Fig. 4a. There are three stages
of mass loss in the pyrolysis process. An initial weight loss between
ambient and 130 �C is due to the elimination of physically
adsorbed water and external water bound by surface tension. Most
of the weight loss takes place in stage 2, from ca. 200 �C to 480 �C,
indicating the pyrolysis zone. A very slow loss of weight then
occurred until 1000 �C corresponding to further reactions involving
char. A high carbon yield of 24 % could be obtained at 1000 �C,
demonstrating that microalgae biomass is a suitable precursor
for the production of carbonaceous material.

After K2CO3 activation, the porous features of the collected sam-
ples were characterized by nitrogen sorption measurements and
SEM. The morphology of the representative MPC-act-800 sample
is highly porous with a visible macropore system (Fig. 4b). As dis-
played in Fig. 4c, the sorption isotherms of MPC-act-700 and MPC-
act-800 are Type I according to the International Union of Pure and



Fig. 2. (a) UV–vis absorption spectrum of MCQDs; (b) FTIR spectra of microalgae powder and MCQDs, MPC-act-700 and MPC-act-800; (c) Photoluminescence emission
spectrum (kex = 360 nm) of MCQDs, Inset: optical images under daylight (left) and UV light (right); (d) Emission spectra of MCQDs recorded for progressively longer excitation
wavelengths with 25 nm increments from 350 to 625 nm.

Table 1
Quantum yield of MCQDs.

Substance Integrated emission intensity (I) Abs. at 360 nm Refractive index Quantum yield (%)

Quinine sulfate 182676.9 0.086 1.33 54
MCQDs 1864.6 0.011 1.33 4.3
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Applied Chemistry (IUPAC) classification. A high adsorption capac-
ity at low relative pressure (P/P0 < 0.18) is observed, which reveals
the presence of significant microporosity in the MPC-act-700. A
surface area of 1396 m2 g�1 and total pore volume of 0.75 cm3 g�1

was achieved for MPC-act-700, with a micropore volume of
0.59 cm3 g�1 (79% of the total pore volume). The isotherm for the
MPC-act-800 shows a higher uptake at low relative pressures
and a surface area of 1904 m2 g�1. In addition, there is a slight
increase in the micropore size. The N2 sorption results indicate that
all the activated carbons synthesized are predominantly microp-
orous and a DFT analysis (Fig. 4d) shows that the size is concen-
trated around 0.5–1.0 nm. These micropores are formed during
the K2CO3 activation; the directly carbonized sample MPC by com-
parison is non-porous.

Due to the dual role of CO2 as greenhouse gas and a renewable
and bountiful chemical carbon source [35,36], its capture and stor-
age has attracted considerable interest [37–40]. In this study, the
CO2 static adsorption isotherms of MPC-act-700 and MPC-act-
800 samples have been measured at 0 �C and 25 �C over the pres-
sure range of 0.1 mmHg to 800 mmHg using a volumetric method
(Fig. 5a and b). At the highest pressure point measured, the MPC-
act-700 shows a CO2 capture capacity of 6.9 and 4.2 mmol g�1 at
0 and 25 �C, respectively (see Table 2), while the values of MPC-
act-800 are 6.1 and 3.5 mmol g�1 at the same temperatures despite
the higher surface area. The most probable reason is that the inter-
action of MPC-act-700 with CO2 is stronger due to the increased
microporosity with pore size ca. 5.4 Å. The low-pressure adsorp-
tion of CO2 is very sensitive to the pore size, and in particular to
small changes in micropore size distribution within the pore size
range of 5–10 Å. Ultramicropores and a polar surface caused by
the residual heteroatom-containing (e.g. O, N) species (decomposi-
tion of O/N-containing precursors) also play crucial roles in the CO2

uptake. Based on observations in the FTIR spectrum of MPC-act-
700 (Fig. 2b), the existence of the non-carbon elements and func-
tional groups may also enhance the adsorption of CO2.

The heat of CO2 adsorption (Qst) is a measure of the strength of
adsorbent-adsorbate interactions [41]. By using the Clausius-
Clapeyron equation on the CO2 adsorption isotherms measured
at 0 and 25 �C, Qst can be calculated as a function of CO2 uptake
(Fig. 5c). Over a CO2 surface coverage of 0.02 to 2.6 mmol g�1, Qst

was calculated as 29–24, and 24–22 kJ mol�1 respectively for
MPC-act-700 and MPC-act-800. These values are slightly higher
than for CO2 adsorption in non-nitrogen containing porous carbons
with Qst values of � 20 kJ mol�1 which can be mainly attributed to



Fig. 3. Two-photon cellular imaging of MCQDs: (a) Bright field; (b) 800 nm excitation; (c) The merged image of a and b; (d) The vitro cytotoxicity assay.

Fig. 4. (a) TG-DSC curves of the bottom precipitate after hydrothermal treatment; (b) SEM image of MPC-act-800; (c) Nitrogen sorption isotherms and (d) the pore size
distribution curves of MPC-act-700, MPC-act-800 and MPC, dV/dD is differential pore volume.
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the presence of strictly ultramicropore channels (0.54 nm) [42].
The higher Qst at low surface coverage is due to adsorption in the
smallest micropores and the strong quadrupolar interactions of
CO2 molecules with the heteroatoms. The Qst values for MPC-act-
800 decrease at higher surface coverages as the larger pores are
filled. The carbon precursors significantly affect the adsorption



Fig. 5. Carbon dioxide adsorption isotherms measured at 0 �C (a) and 25 �C (b); (c) Isosteric heats of adsorption.

Table 2
Textural parameters and CO2 adsorption properties of porous carbons

Sample SBET (m2 g�1) Smicro (m2 g�1) Vtotal (cm3 g�1) Vmicro (cm3 g�1) CO2 capacity/(mmol g�1)

0 �C 800 mmHg 25 �C 800 mmHg

MPC-act-700 1396 1118 0.75 0.59 6.9 4.2
MPC-act-800 1904 849 1.08 0.46 6.1 3.5

Note: SBET: BET surface area, Smicro: micropore surface area, Vtotal: total pore volume, Vmicro: micropore volume.
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capacity. The microalgae-derived activated carbons in our study
have greater CO2 adsorption capacities at 0 and 25 �C compared
with other activated carbons prepared using K2CO3 as activating
agents [43,44]. The narrow micropores and the high specific sur-
face area of carbon materials are the most important parameters
with respect to increasing the CO2 capacity.
4. Conclusions

In summary, a new method is developed to utilize microalgae
producing carbon quantum dots and porous carbon simultane-
ously with a hydrothermal process. Importantly, it generates two
useful carbon materials with one process. We have applied multi-
ple techniques to characterize the morphologies, surface chemistry
and optical properties of carbon quantum dots as well as the bio-
compatibility and toxicity test. Microalgae-derived carbon quan-
tum dots possess efficient cellular uptake, strong two-photon
fluorescence property and low cytotoxicity, with a great potential
for using in high contrast bioimaging. This is the first reported
instance of the use of microalgae for this application. Furthermore,
CO2 adsorption of the generated porous carbon shows enhanced
CO2 capture capacity. Adsorption capacity at �1 bar 298 and
273 K (4.2 and 6.9 mmol g�1) is higher than or close to literature
reported performance of carbon materials. Microalgae biomass is
abundant, renewable and effective fixation of carbon dioxide. The
method reported herein provides a convenient way to further
develop treatments for the synthesis of porous carbon materials
in a wide range of applications.
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